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Outline:

*115 heavy fermion primer
®* Non-universality of dopants (Cd vs. Sn doping)

¢ Influence on quantum criticality and superconductivity
* High Magnetic Field Study of CeRhIn5

* Competing Density wave

¢ Gigantic anisotropy
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Superconductivity in Heavy Fermions

* Large entropy goes * Stoichiometric — high purity,
into the SC state large m.f.p. (> 1um)
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* Phase diagram generic for Cerium heavy fermion SC’s
* Parent compound is an AF metal

° T T, ~ 0.1

¢ SC is unconventional (power laws/sign changing OP)
®* Tunable with doping or pressure.
¢ Spin Fluctuations...
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Cd vs Sn doping in
the 115’s
A Tale of Two Dopants

Why doping?

Dopants provides a window into
novel states of matter
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T (K)

How we identified the instability in CeColn,
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Cd versus Sn doping

Cd doping:

" Decreased hybridization

= Small Tc suppression

" Signature of QCP disappears.
Sn doping:

" Increased hybridization
" Larger Tc suppression
" Signature of QCP remains.
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Robustness to |mpur|ty scatterlng CeColn;
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Little doubt that this system is d,, .. Robustness likely due to
strong coupling and extreme multiband.

Are inhomogeneous dopants less pair-breaking than
homogeneous ones?

Are filled shells less pair breaking (ie. Cd and Zn)?

Inhomogeneity can obscure signatures of criticality!



Quantum Criticality in Pnictides
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Accessing the
AFM QCP with
magnetic field
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A field induced density wave in CeRhin,
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Microstructured CeRhin,
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+ Enables magnetoresistance at high fields Tomperature (4

+ High current densities possible

+» Transport anisotropy of small crystals RRR ~ 260
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A field induced density wave in CeRhin,
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+ Field induced transition within the AFM state
- Los Alamos <+ Hysteresis vanishes in pulsed fields.
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A field induced density wave in CeRhin,

Torque 7 (a.u.)
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+ Not clearly observed in M(H) or R.(H)
s LosAlamos <+ Small fraction of the Fermi surface participates
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A field induced density wave in CeRhin,

120
j,~190pA
100 _I Eg N - . ) i
g Q.
80- " 10 20 30 40 50
. Field (T)
60 - -
1 c s = . “ u lower branch
40{ " TRt
. .up.per branch
20 ' | ! | ' | ' | ' | ' | ' |
00 02 04 06 08 10 1.2 14

)
» Los Alamos

AAAAAAAAAAA

OOOOOOO

dc current bias (mA)

+ -V curves resemble CDW systems
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Angular dependence of the density wave state
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+ Pushing field into the ab-plane makes the
density wave formation energetically unfavorable.
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Fermi surface topology change
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Temperature T (K)

Similarity with cuprates

Competing Phases
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Anomalous transport with H//ab
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Spin Waves in CeRhlin,
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Spin-0Orbit Coupling
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How does Spin-Orbit coupling influence T_?
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Summary

o two non-magnetic dopants (Cd and Sn) produce dramatically
different responses.

o Inhomogeneity can have weaker pair breaking effects
o Can also disguise signatures of quantum criticality

o Field Induced Density Wave in CeRhIn5 under applied magnetic
field

o How does spin-orbit coupling influence Tc?
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